I. Introduction
Phosphorus is one of the major limiting factors for crop production on many tropical and subtropical soils. It is therefore necessary to identify and incorporate efficient strains of phosphate solubilizing microorganisms in to cropping systems (Fankem et al., 2006) . For sustained agricultural production, use of efficient fertilizer to maintain the soil and plant quality is critical. The application of organic fertilizer has been practiced for more than thousand years in many countries since it provides essential nutrients to plants, improves soil structure, helps in the moisture retaining capacity in various soils and increases microbial activities (Chen et al., 2006) . In developing countries like India the stress on agriculture is increasing day by day. The land under farming is decreasing and this has posed an extra burden on agriculture. Therefore the land available for agriculture should be utilized economically (Dubey and Maheshwari, 2000) . Later, Gyaneshwar et al., 2002 proposed the most of the agricultural lands are deprived of one or more minerals required for the growth and development of plants. Inorder to provide these minerals we are depending upon chemical fertilizers. Such chemical fertilizers pose health hazards and pollution problem in soil besides these are quite expensive. Moreover the usage of chemical fertilizers will kill the normal flora of the soil beneficial microorganisms (Whitelaw, 2000) . Very recently, Padmavathi and Usha, 2012 published phosphorus is a plant macronutrient that plays a significant role in plant metabolism, ultimately reflected on crop yields.
Agricultural and animal wastes are the major raw materials for organic fertilizers that are produced by the process of composting (Asal, 2010) . The advantage of using these kinds of organic fertilizers is they provide balanced nutrient supply, facilitate the growth of beneficial microorganisms and help to suppress certain plant diseases and soil borne diseases (Jedidi et al., 2004) . Thus, it has reduced their usage and paved way for the use of inorganic/chemical fertilizers. Asia is the world's largest chemical fertilizer consuming continent of about 40% of the total global production. Even in an agricultural nation like India the use of inorganic and chemically synthesized fertilizer is in large proportion (El-komy, 2005 Afzal and Ashgari, 2008) . Therefore, very few amount of works has done in the similar kind of research, since the present work have been designed the following objectives such as to isolate and identified the phosphate solubilizing microorganism. Then to determined the phosphate solubilizing efficiency of isolated microorganisms finally to established the effect of the pH and temperature on the phosphate solubilization efficiency of selected species
II.
Materials and methods
Soil analysis
The rhizosphere soil samples were collected from 4 different betel cultivating areas: Murunadu, Beerur (with samples from 2 different Beerur locations), and Bangalore regions of Karnataka, India. Soil samples were collected from 10 randomized banana plant rhizospheres in order to obtain as to a large extent possible unpredictabile in the microorganisms for a qualified analysis. To sustain consistency, the soils were in use from within 20 cm locality of the plant and from depths of 6-8 cm from the surface during the months of November and December. The soil samples were desiccated, compacted and passed through a 2-mm sieve before being mixed into a single merged sample. These soil samples were then analyzed and the characteristics of the soils were tabulated.
Isolation of Phosphate Solubilizing Microorganisms
The collected soil samples were serially diluted using sterile water blanks and plated on Pikovskaya's Agar medium. The plates were incubated at 28 0 C for 3-5 days. After incubation the phosphate solubilizing microorganisms were selected based on the zone of clearing around the colonies. The isolated phosphate solubilizing fungi and bacteria were purified by repeated culturing and maintained on Potato Dextrose Agar and Nutrient Agar slants at 4 0 C.
Identification of bacterial isolates
The isolated species were identified using with some modifications also done by Nopparat et al. (2007) 
Isolation of rhizospheric microflora
From each soil sample, 1g of soil was suspended in a 9-mL blank and serially diluted. The dilutions were plated on Pikovskaya's (PVK) medium in order to isolate the PSB and PSF (17) (18) (19) . Those colonies surrounded with a halo zone were transferred to PVK medium 3 times in order to maintain the purity of the culture.
Isolation of PSMs
Phosphate solubilization on PVK medium was examined by growing the different isolates on PVK medium substituted with TCP, KHP, and RP. The concentrations of TCP, KHP, and RP used in the media were varied by taking 2.5 g L-1, 5.0 g L-1, and 7.5 g L-1 in the basal PVK medium (Chailharn et al., 2008) . The plates were inoculated using point inoculation and incubated at 28 °C for 3 days and 5 days for bacteria and fungi, respectively. The solubility of phosphate was observed as a zone of clearance with a diameter that was measured in millimeters and taken in triplicate (9) . The microbial phosphorus solubilization trait was analyzed by determining the P-solubilization efficiency (PSE). PSE = diameter of entire colony/diameter of clearing zone × 100 The efficient P-solubilizing bacterial species were then further identified (Suliasih and Widawati, 2005).
Measurement of pH and Titrable acidity
Initially culture filtrates were centrifuged at 1000rpm for 10mts. Five milliliter of supernatant was added with a few drops of Phenopththalein indicator and titrated against 0.01N NaOH. The titrable acidity was experessed as ml of 0.01N Na OH consumed per 5.0ml of culture filtrate.
Statistical Analysis
The data obtained were statistically analyzed for Analysis Of Variance (ANOVA) for significance at P ≤ 0.05 with the ORIGIN soft ware program (28).
III. Results
Table -1 stands for identification criteria of Phosphate Solubilizing Bacteria (PSB) from banana rhizospheres soil. Mainly three different kinds of PSB isolated designed named as well as isolated code was PSB 1, PSB 2, PSB 3 . Similarly two broad spectrum of isolated PSF were identified such as PSF 1 and PSF 2 accompanied with its specific microscopic observation (Table-2). The present study focuses on the phosphate-solubilizing capacity of bacteria and fungi in rhizospheric soil samples obtained from banana plant, revealing the dominance of Aspergillus species (234.12 mm) as major phosphate solubilizers, along with Bacillus subtilis (160.82 mm) followed by P. aeruginosa 126.11, Penicillium sp., 99.02 and Micrococcus sp., 89. 4 (Table-3) .
Although maximum amount of phosphate solubilization occurred on sixth date of experiment accompanied with its responsible organisms of A. niger (3.90 mg/25ml) followed by Penicillium sp. (3.01 mg/25ml), B. subtilis (2.61 mg/25ml). While, the lowest amount of phosphate solubilization was noted on Micrococcus sp., (1.50 mg/25ml). In addition fourth day experiment expressed the Phosphate solubilization efficiency range from 1.40 to 3.70 (mg/25ml) observed the microorganism of Micrococcus sp. and A. niger respectively. Similar effect also been noted on initial date of second day of the experiment. Moreover, three se of experiment with two days interval clearly denotes the comparatively Phosphate solubilization effectively takes place in sixth day with fungi named as A. niger than the bacteria (Table-4). Table -5 obviously enlightened the effect of pH and its growth performance of the Phosphate solubilizing microorganism. From this result shows when the treatment days were prolonged and its growth efficiency was reduced according with its pH level. In addition comparatively inoculate with each respective microorganisms reflected growth efficiency was more in uninoculated condition than the inoculated condition. Though, among the five organisms Penicillium sp., denoted elevated pH (6.79) for better growth performance reflected only in second day followed by ten fold increased pH was noted on bacteria (P. aeruginosa 6.70) than fungi (A. niger 6.60). However, on sixth day experiment minimum pH has been noted for very poor growth performance in A. niger than remaining organisms. Meanwhile in uninoculated condition fourth and sixth date of observed pH was constant it was remain unchanged.
Effect of inoculation with phosphate solubilizing microorganism in sterilized and unsterilized condition on Growth performance of spinach leaf. In unsterilized soil condition aerial height was maximum noted in inoculated with A. niger 40.3±1.23 also other criteria such as number of leaves (63±2.06), dry weight of the shoot (0.28±0.068) and total phosphorus (0.55±0.01) also been maximum noted in an inoculated with B. subtilis. From the research data clearly showed both sterilized and unsterilized condition the significant p<0.005% level of better growth response observed from Inoculated with B. subtilis ( Table-6 ). Table-7 confirmed that growth effect of spinach (A. cruentus) following criteria such as showed the activity of bacterial and fungal forms, including Bacillus, and Aspergillus, as phosphate solubilizers. The PSMs with the most phosphate-solubilizing ability was Bacillus among the bacterial and Aspergillus among the fungal isolates. The results indicated greater numbers of microorganisms showing the maximum zone of clearance of phosphates on the medium. The count of Bacillus species in the sterilized condition cfu count was much higher than the counts of the rhizospheric fungi. In sterilized soil fifteen and thirty days experiment PSF count ranged from 2.5 to 3.210 4 cfu/ml and 3 x 10 4 to 8 x 10 4 at single and dual inoculation. Despite in unsterilized condition the PSF were much higher than the counts of the sterilized rhizospheres soil (Table-7 ).
The Fig.: 1 showed titrable acidity of five phosphate solubilizing microorganism with uninoculated and inoculated condition at second, fourth and fifth date of treatment. The result revealed that dominant titrable acidity has been observed on sixth day experiment from Fungi of A. niger. Mean time on fourth day of the experiment another peak titrable activity was noted in similar fungi followed by Penicillium sp., too. However, no other remarkable variation has been noted in titrable acidity with uninoculated condition. Irrespectively depends upon the temperature minimum and maximum range of pH level observed in A. niger and B. subtilis respectively. Interestingly suddenly attained peak level of notable pH was 3 this value being same on both organisms of the fungi and bacteria at 28 0 C. Similar results also been obtained at 37 0 C too (Fig-2 and 3 ). 
IV. Discussion
Phosphorus is one of the most essential elements for the growth and development of plants. Phosphorus exists in soil as phosphate anions and these phosphate anions are extremely reactive and are immobilized by soil cations and thus make it unavailable for plants. There are certain microorganisms that are capable of solubilizing the unavailable form of phosphorus into available form (Hilda and Fraga, 1999) . Such microorganisms are called phosphate solubilizing microorganisms. It is therefore necessary to isolate and identify potent phosphate solubilizers. In the present study phosphate solubilizing microorganisms were isolated from the rhizosphere soil of banana plants by serial dilution and plating on Pikovskaya's Agar medium. Three bacterial species and two fungal species were found to solubilizing tri calcium phosphate supplemented in the media. The bacterial species were identified as Bacillus subtilis, Pseudomonas aeruginosa and Micrococcus sp. This finding is supported by an earlier report that says that most efficient and frequently encountered phosphate solubilizing bacteria belonging to the genus Pseudomonas or the genus Bacillus (Sundaram, 1994). Venkateswaran and Natarajan (1983) reported Pseudomonas sp. and Bacillus sp. as dominant inorganic phosphorus compounds solubilizing microbes. The fungal isolates capable of solubilizing the phosphate present in the media were identified as Aspergillus niger and Penicillium sp. These findings also correlate with the findings of Nahas et al., (1990) who suggested that A.niger is a well-known phosphate solubilizing fungi. Penicillium sp. was also identified as efficient phosphate solubilizer.
The P-solubilizing activity is determined by the microbial biochemical ability to produce and release organic acids, which through their carboxylic groups chelate the cations (mainly Ca) bound to phosphate converting them into the soluble forms (Kpomblekou and Tabatabai, 1994; Glick, 1995) . From the results of this study, it is being reaffirmed that the phosphate solubilization by different PSBs is involved with the production of organic acids (Fasim et al., 2002; Rashid et al., 2004) .
Phosphorus is an abundant in several soils and is one of the major nutrients limiting the plant growth. The overall P use efficiency following phosphate fertilizer application is low because of the formation of insoluble complexes (Vassilev and Vassileva, 2003) . Hence, frequent application of soluble forms of inorganic-P is necessary for crop production and which leaches to the ground water and results in eutrophication of aquatic systems (Del Campillo et al., 1999; Hilda and Fraga, 1999) . In view of environmental concerns and current developments in sustainability, research efforts are concentrated on elaboration of techniques that involve the use of less expensive, though less bio-available sources of plant nutrients such as rock phosphate and by application of PSB the agronomic effectiveness can be enhanced (Whitelaw, 2000) . However, conversed result reported that Aspergillus niger has higher solubilization index than Penicillium Krishnaraj et al., 1999. While, this kind of comparable results have been reported by many investigators (Afzal et al., 2005; Gupta et al., 2007) .
Higher the value of Solubilization Efficiency (SE) the greater the activity of the tested isolate was. But with that method it could not be able to quantify the amount of phosphate solubilized at the end of incubation time. So, liquid culture experiments were performed to evaluate the amount of phosphate solubilized. Liquid media inoculated with A. niger released more available phosphate and B. subtilis ranked second. Deubel and Merbach (2005) tested eight strains on calcium phosphate agar plates and found out that only two of them showed clear zone around their colony and would be identified as phosphate solubilizers. Moreover, it was noted that the best strain in solubilizing the same phosphate source in liquid media was one of the strains which could not show clear zone on agar plates.
The current study also evidenced that the liquid media inoculated with phosphate solubilizing microorganisms is accompanied by a reduction in pH. A. niger, among fungal isolates and Bacillus subtilis among bacterial isolates showed greater reduction in pH when inoculated in liquid medium. Hence it is found that more the phosphate solubilizes greater is the reduction in pH. Hence the isolates were found to produce carboxylic acids to solubilize the phosphate in the medium. This agrees with the test results of many investigators (Ryan et al., 2001 ). The titrable acidity was also determined to confirm the release of carboxylic acid in the medium. The converse correlation observed between the pH and soluble-P concentration indicates that organic acid production by these PSB strains plays a significant role in the acidification of the medium facilitating the P solubilization. Similar inverse relationship between pH and soluble phosphate was reported earlier by Hwangbo et al. (2003) .
V. Conclusion
The results showed that the seedling inoculated with Bacillus subtilis had bigger aerial height, dry weight and number of leaves also it has been more available phosphorus when compared to other treatments. Invitro results showed A. niger has greater phosphate solubilization efficiency than Bacillus subtilis. But the results do not match with the field trials. This may be due to the fact that the soil conditions favored the growth of B. subtilis. And also from the results it is seen that combined treatment of both bacteria and fungi showed decreased vegetative growth rate when compared to single inoculation, and the population density of B. subtilis is higher in the combined treatment than the fungal density. It predicts the B. subtilis may have an antagonistic effect on A. niger. It was concluded from the present study that all the PSB isolates except three produced multiple organic acids followed by a decrease in the pH of the culture medium there by solubilizing the insoluble tricalcium phosphate. More studies are defensible to understand the significance and mechanism used by an unidentified acid1 in MPS activity. Use of these PSB as bioinoculants will increase the available P in soil, helps to minimize the P-fertilizer application, reduces environmental pollution and promotes sustainable agriculture. So far, the application of phosphate-solubilizing bacteria in most examined traits was better than chemical fertilizer.Moreover,theinoculationwith B. subtilis and A. niger most examined traits has significant difference with uninoculated condition. So the impact of phosphate solubilizing on examined traits was more than inoculation with B. subtilis and A. niger. corresponding author expressed the gratitude to Correspondent and Secretary of Rev.Fr. Premkumar, MSW., has given the constant encouragement for preparing this work for publication.
